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Abstract 
In order to provide the accurate SOC values of super capacitor for the vehicle control strategy of hybrid electric 
vehicle which is using the super capacitor, this paper completes the hardware and software design of super capacitor 
monitoring and control system, gives out the block diagram of the system, the hardware block diagram and the 
software flow diagram, achieved the measurement of the voltage, current and temperature; analysis the linear 
relationship between the open circuit voltage and the discharge depth of super capacitor, optimize the SOC estimation 
method of used the capacitor voltage state. The experimental results show that the voltage detection and the SOC 
estimated accuracy of the monitoring system better meet the testing requirements. 
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1. Introduction
Because the super capacitor is had advantages of high specific power, long cycle life, short charge and
discharge time, so being valued as a power source for electric vehicles. As the in-depth study on 
the environmentally friendly electric vehicles, in recent years super capacitor has become a hotspot in new 
energy devices. The power system constituted by super capacitors and other energy storage devices is 
taken into account the high energy density of the other energy storage devices and the high specific power 
of the super capacitors, and can be better met the requirements of starting and acceleration performance 
for Electric vehicles. Because the current study for the lead-acid battery has reached a mature, and the 
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relatively low cost, the lead-acid in the field of electric vehicles energy played an important role, the 
composite power system with super capacitor and the lead-acid battery is had the most competitive. So 
this program in the pure electric vehicles and hybrid electric vehicles will be one important development 
direction for future electric vehicles. 
But the super capacitor monomer voltage is very low, therefore, in practice generally adopted by a 
number of super capacitor combination of serial and parallel to constitute the super capacitor modules, 
and to meet the needs of storage capacity and voltage level.  
However, affected by the manufacturing process, the same type super capacitor parameters are 
different such as capacity between monomers, the equivalent parallel resistance etc, and the 
parameters will change over time, when the charge and discharge for lead-acid battery at high current 
without real-time monitoring of super capacitor, probably the capacitance of the high voltage divider has 
been filled, the low voltage divider is still not filled. This phenomenon will cause a great impact on the 
super capacitor system in the use process. Therefore, the super capacitor monitor and control system is 
essential. 
2. The design of the super capacitor monitoring and control system 
2.1. The overall program for the super capacitor monitoring and control system 
The core of the super capacitor monitoring and control system is the voltage collecting of the super 
capacitor and the estimating of surplus charge. Because there are some approximately linear relationship 
between the voltage of super capacitor and the SOC estimated value of super capacitor, therefore, the 
detection accuracy of the super capacitor voltage level will be directly determined the accuracy 
information of the super capacitor state.  
In the power capacitors of hybrid electric vehicles are formed by the serial number of super capacitors, 
and are arranged in distributed. Taking into account a large number of power devices, high-voltage and 
high-current power lines inside the vehicle, the electromagnetic environment is complex. The 
program mainly consists of two parts; there are the integrated management unit and capacitance 
monitoring and control unit. 
Integrated management unit is responsible for: 1) The signal acquisition and processing of super-
capacitor level, such as the total voltage of the capacitance, the charge and discharge current, and the 
ambient temperature information etc. 2) The algorithms and data retention of the super capacitor 
monitoring and control system. 3) The power devices and the man-machine interface circuit control. 4) 
To exchange the information in the various control devices as a node of the vehicle communication 
network.5) To send commands to the monitoring unit of the capacitor within the system bus as the 
primary node, and receive the data upload. 
The each monitoring unit of the super capacitor is responsible for:1) The signal acquisition and 
processing of the single super capacitor, they are mainly responsible for the single-voltage collection of 
the super capacitor, and the temperature information collection etc, usually a super capacitor unit can be 
responsible for data collection of  a few super capacitor module monomer. 2) To receive the integrated 
management unit command within the system bus as the from node, and send the related data.  
In this program can make the signal acquisition of the need for super-capacitor voltage and 
temperature place in the capacitor working environment  by each single capacitor monitoring unit 
to completed closed, and upload the dealt data to the integrated management unit, estimate the remaining 
capacity of the capacitor by the integrated management, and send the relevant control command. The 
integrated management unit and monitoring unit of the super capacitor have a clear division of tasks, and 
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Fig 1. Hardware block diagram of monitoring system 
arrange the sequence in time by the bus communication, ensured the synchronization of the signal 
acquisition, improved the reliability and real-time of the system. 
2.2. Hardware design 
Based on the overall design of the monitoring and control system of the super capacitor, designed the 
hardware structure of the monitoring and control system, the structure is shown in Fig 1. 
MCU control unit is used the 16-bit microcontroller freescale DP256 which is low-power, it has 
a single-cycle instruction execution time and high data throughput, and can relieve the conflict  between 
the power and processing speed in system. This microcontroller has a multi-channel A/D converter 
module, CAN module and the other rich peripheral function modules, so it can be completed design 
requirements in the case of no expansion peripherals. 
The voltage detection is the one core function of the monitoring and control system, the breakdown 
voltage value of the measurement circuit should be strongly consider, and used the relay array method to 
collect voltage signal. Because the voltage of the capacitors is high, and the common-mode voltage of the 
collection point is high, the voltage difference between the two points is not small, so there are needed to 
have good isolation in the system. The isolation is reflected in the voltage of the capacitors to be detected 
and the acquisition circuit is also reflected 
in the monitoring channels of the single 
capacitor. So that when the acquisition 
circuit is failure there will not be caused the 
damage of the capacitors to be detected, 
this is the characteristic of the detection 
system different from the general multi-
channel acquisition system.  
In detection system there is used the 
current sensor and the inverter to detect the 
current, and sent the obtained data to the 
MCU. The main purpose of the current 
detection is to accurately judge the charge 
and discharge state of the super capacitors, 
and is the important part of the estimated 
surplus charge. Because the super capacitor 
can be charge and discharge in high-power, 
the be used super capacitors in the 
experiments of their charge and discharge 
current being up to 400A, so used the 
LF505 current sensor to do current 
sampling. This sensor measurement range 
is from -500A to 500A, its accuracy is ±
0.6%, and its linearity error is <0.1%, so it 
is met the design requirements.  
Because the start and brake will be 
appeared frequently when the hybrid electric vetches is running, the super capacitors will be charged and 
discharged frequently, in such big power the super capacitors will be heated, and the capacity and internal 
resistance also will be changed with the temperature, so the temperature detection of the super capacitor is 
an important part in the system. Taking into account the requirements of the super capacitor temperature 
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detection rate is faster than the general temperature detection, this system is used the NTC thermistor for 
temperature detection. In addition, when detected the temperature of the super capacitors is too high the 
fan will be started for cooling in the system. 
2.3. Software design 
The main software works of the monitoring and control system are as follows: 
• In order to prevent the over charge and over discharge detected the voltage of the super capacitor 
modules. When the voltage of the whole capacitors is exceeded the specified voltage, the capacitance 
monitoring system will be alarmed information to the vehicle control system. 
• Current detection: the system is obtained the changes of the super capacitors through detected the 
current of the super capacitors. 
• Temperature control: the capacitance monitoring system is detected the temperature inside the 
capacitor boxes, when the temperature is reached the “cooling temperature” the fan will be activated to 
cooling. When the temperature is above or below the set temperature the capacitance monitoring 
system will be alarmed. 
• Estimated SOC of the super capacitors: the super capacitor monitoring and control system will be 
estimated the charge state of the super capacitors according to the collected voltage. 
For hybrid electric vehicles the SOC data of the super capacitors is the main basis for the vehicle 
control strategy, only provided the accurate SOC, the energy efficiency and the driving range of the 
electric vehicles can be improved, and the energy saving purpose can be achieved. In the area of the state 
of charge, because the role of polarization recovery of the super capacitor is fast, the time of reached the 
steady state is very short, and there are certain linear relationship between the open circuit voltage and the 
discharge degree, so the ratio of the current voltage of the super capacitor and the maximum operating 
voltage (SOV) can be used to reflect the SOC of the super capacitor. But when the super capacitor in 
practical work only the dynamic voltage can be measured, can not be measured the operating voltage of 
the super capacitor, so can only be to meet the needs through the correction.  
       The super capacitor voltage is constituted by the following components: 
Charge:                                                             Discharge: 
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              (2) 
V: the voltage of the super capacitor; V0: the charging initial value of the super capacitor; Vc: the 
actual voltage of super capacitor; VRES: the voltage drop caused by equivalent series resistance; 
So the working voltage of the super capacitor is:  
Charge:                                                               Discharge: 
RESRESc RIVVVV ⋅−=−=                   (3)           RESRESc RIVVVV ⋅+=+=                        (4) 
So the super capacitor working voltage can be got to estimate the SOC. 
3. experimental results 
Based on the actual working condition needs of the hybrid electric vehicle, the Digatron charge and 
discharge device is used to discharge the super capacitors which are used on the hybrid electric vetches; 
the discharge current is the maximum discharge current 150A and the rated discharge current 50A. The 
experimental results demonstrated the voltage detection accuracy and the SOC estimation precision of the 
monitoring and control system. 
The discharge voltage detection accuracy results which are used discharge current is 50A and 150A is 
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shown in the Fig 3.From the figure can be seen the measured maximum absolute error value by 
monitoring and control system is 0.055V; the measured maximum relative error value is 0.47%. The 
maximum relative error is less than 1%, so 
the detection accuracy satisfied the 
precision requirements. 
The estimation result of the SOV is 
shown in the Fig 2. The estimated 
maximum absolute error value by the 
monitoring and control system is 0.018; the 
estimated maximum relative error value is 
6.25%. The results show that the SOV 
estimation accuracy of the monitoring and 
control system meet the requirement. 
4. Conclusion 
The super capacitor monitoring and 
control system of the hybrid electric 
vehicles designed in the paper realized 
many functions such as the voltage acquisition of the super capacitor, the current acquisition, the 
temperature measurement, the driving of the cooling fan, etc. Based on the linear relationship between the 
open circuit voltage of the super capacitor and its depth discharge, optimized the method which is used 
the capacitance state of voltage (SOV) to estimated the state of charge (SOC). The experimental results 
show that the whole system better meet the requirements of the super capacitor voltage detection, the 
SOV estimation method meet the estimated 
requirements.  
Acknowledgements
This work is supported by the Foundation 
of Education Department of Guangxi for 
Surface project (200911MS114).
References 
[1]Dougal R, A.Gao L, Liu S. Ultracapacitor model 
with automatic order selection and capacity scaling for 
dynamic system simulation[J]. Journal of Power Sources, 
2004, 126(1-2):250-257. 
[2]Nelms R M, Cahela D R, Tatarchuk B J. Modeling 
double-layer capacitor behavior using ladder circuits[J]. 
Aerospace and Electronic Systems, 2003, 39(2):430-438. 
[3]Simpson. A. G. Lifecycle costs of ultracapacitors in electric vehicle applications[J]. IEEE Annual Power Electronics 
Specialists Conference, 2001, 2:1015-1020. 
[4]Gregory L. Plett. Extended Kalman filtering for battery management systems of LiPB-based HEV battery packs Part 2. 
Modeling and identification[J], Power Sources, 2004,134(2):262-276. 
[5]Mark Verbrugge, Brian Koch. Generialized Recursive Alorithm for Adaptive Multiparameter Regression[J]. Journal of 
Eletrochemical Society, 153(1)(2006):A187-A201. 
Fig3. The voltage detection results of monitoring system 
Fig2. The SOV estimation results of monitoring system 
